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Applicant and Inventor : Masami Kiyonaga 

PROCESS FOR PRODUCING PAPER PRODUCT BY PAPERMAKING 
TECHNIQUE 

Brief Description of the Drawings: 

Fig. 1 is a whole assembled apparatus. 

Figs. 2a, 2b and 2c are a longitudinal section seen from the front, a longitudinal section 
seen from the side, and a plan view, respectively, of a lid part of a split mold paper machine. 

Figs. 3a and 3c are a longitudinal section and a transverse section, respectively, of an 
outer wall of a split mold part of the split mold paper machine, and Fig. 3b is a plan view of the 
bottom of the split mold part. 

Figs. 4a, 4b and 4c are a longitudinal section, a transverse section and a plan view, 
respectively, of an inner wall of the split mold part of the split mold paper machine. 

Detailed Description of the Invention: 

Conventional paper containers or boxes have been fabricated by cutting previously 
produced paperboard, etc. into appropriate size and shape and forming the cut piece(s) into a 
desired shape on a forming machine. The present invention provides a process for producing a 
paper product directly from paper stock by a papermaking process. 

The above-mentioned conventional method produces a large quantity of waste paper 
(loss) and involves a considerable number of steps, such as the step of adhering or joining 
formed parts. Even in large-scale manufacture, the products are still uncompetitive in price. 
Besides, the conventional method is practically unapplicable to production of paper articles 
having relatively complicated shapes with many bends. With the improvement of daily life style 
and the expansion of industries in various fields, the demand for paper articles of complicated 



shape has ever been increasing for use as convenient expendable containers or inexpensive rigid 
packing or wrapping materials. Production of such paper articles has now played an important 
role as a supplementary division in productive industries. Accordingly, the present invention 
has an extremely high commercial value. 

Constitution and Effect of the Invention: 

The present invention belongs to the papermaking and processing industries and 
completely fulfills the above-described demand. It provides a process for producing a paper 
product of arbitrary shape directly from paper stock comprising beaten pulp or waste paper 
through a single step or, if necessary, after sizing, addition of fillers, dyeing or refining (the term 
"paper stock" means a slurry having a prescribed concentration ready to be subjected to 
papermaking). The paper stock is introduced into a paper machine having a split mold of 
arbitrary shape and made into a wet preform by forced pressing, which is then dried, finished, 
and processed into a final product. This process is roughly divided into the following three 
steps. 

(1) The step of preparing paper stock including beating and refining (pretreatment) 

(2) The step of injecting the paper stock into a split mold paper machine under pressure and 
forming a preform (the step of the present invention) 

(3) The step of drying, finishing, and processing (post-treatment) 

While the step (1) is not so different from that in general papermaking, it is preferred 
that relatively thick stock A and diluted stock B be prepared and that the former be first supplied 
into a split mold paper machine and the latter be then injected under pressure. While the 
concentrations of the stocks A and B vary depending on the type of the desired paper 
containers, they are usually 15 to 20% and 3 to 5%, respectively. The reason why the stock is 
divided into two portions is that the low-concentration stock may be deposited on a coarse 
paper layer once formed of the high-concentration stock to form a paper layer having a - 
uniform thickness in the course of the paper layer formation. The reason why formation of a 
paper layer is carried out under pressure is that papermaking by merely pouring the stock into a 
mold is impossible. In addition, pressure application in papermaking is required for the 
following reasons. 

(i) The stock injected into the mold should be treated quickly in order to prevent 
agglomeration or sedimentation of fibers and to form a uniform paper layer. 



3 



(ii) Since a paper container usually has a thick wall, resistance to dewatering increases 
gradually. Pressure application is effective against the increased resistance to dewatering and 
to speed up papermaking. 

(iii) Pressure application, i.e. forced papermaking, is effective in making the fiber orientation 
as irregular as possible thereby to enhance the product strength. 

As shown in Fig. 1, the apparatus used in the present invention mainly comprises a split 
mold paper machine 4 and 5 as a main part and, as auxiliary parts, an automatic metering feeder 
3, a pressure application unit 7, a beating unit, stock tanks 1 and 2, a drying unit, a processing 
unit, and the like. 

The split mold paper machine is composed of a split mold part (5 and 6 in Fig. 1) and a 
lid part (Fig. 2). The split mold is composed of an outer wall (Fig. 3) and an inner wall (Fig. 4) 
which is in contact with the inner side of the outer wall. 

As shown in Fig. 2, the lid part 4 has a long cylindrical shape with a hemispherical or 
conical top. The inside of the lid part forms a buffer chamber 11 having a buffer action on a 
flow pressure and a flow rate. The lid part has an inlet 13 for injecting stock B at the top 
thereof and an air outlet 14 adjacent to the inlet 13, the inlet 13 being connected to the metering 
feeder. The inlet 13 and the outlet 14 are connected to the respective external pipes having the 
respective valves or cocks. A buffer device 15 for equalizing the flow rate or pressure is 
provided right below the inlet 13 so as to equalize the flow rate and pressure in liquid. 

The buffer device 15 and the shape of the top of the lid part play an important roll in 
carrying out the present invention. Because the stock fed from the metering feeder is 
pressurized, the injection pressure gradually increases. As a result, the stock, while being 
ejected, shows a tendency to form a regular stream. The buffer device serves to make the flow 
always irregular in accordance with the degree of the above-described tendency. That is, 
where the injection pressure is high, the flow of the stock rebounds off the buffer device and hits 
the inner wall of the hemispherical top. The rebound angle decreases (the rebounded flow 
concentrates on the center of the hemispherical top) in proportion to the pressure, whereby the 
flow rate or pressure is equalized. 

This buffer action works effectively in liquid, wherein the phenomenon of drops' beating 
which occurs in air is eliminated. Other delicate factors seem to contribute to the buffer action 
in liquid. 

While the buffer device can have various conceivable forms, the simplest and most 
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effective one is a small tray. The shape and size of the tray, the distance between the tray and 
the inlet, and the like are decided according to the stock concentration, the size of the inlet, the 
flow pressure, and so forth. In using other forms, such as a spiral atomizer, too, these 
conditions should be decided to meet the purpose. Note that a buffer device having too a 
complicated shape needs precise processing to make, which is disadvantageous. 

The buffer chamber 11 has a pipe 8 of a pressure application and dewatering device 
(including 8 to 10). The pipe 8, one end of which is connected to the pressure application unit 
7, pierces the lower part of the buffer chamber, and the other end is vertically inserted into the 
split mold part. The part of the pipe 8 which is in the cavity of the split mold has several holes, 
and its bottom end is closed A stretchable rigid diaphragm 9 is fitted over that part of the pipe 
and fixed at the lower end of the pipe and near the upper part of the mold After the stock is 
made into a paper layer under pressure, a fluid is fed into the pipe 8 to apply inner pressure to 
press the wet paper layer onto the inner wall of the mold thereby to squeeze out water. A pair 
of semicircular flaps 18 are provided near the upper end of the diaphragm 9. The flaps 18 
move up to shutter the cavity of the split mold while the inner pressure is applied After 
completion of dewatering, pressure application is stopped, and the inner pressure is relieved 
through a three-way cock 10 provided in the pipe 8. 

Where it is more advantageous to conduct the inner pressure application and dewatering 
by means of a unit separate from the lid part, the flaps 18 can be replaced with a tight cap having 
a pipe piercing therethrough. 

As stated above, the split mold part is composed of an outer wall shown in Fig. 3 and an 
inner wall shown in Fig. 4, each of which is vertically split into equal halves (it is sometimes 
advantageous for the outer wall to be laterally split into two halves). The split halves are 
connected by hinges so as to swing open and close easily. 

The outer wall chiefly functions for shape retention of the inner wall against inner 
pressure. As shown in Fig. 3, several or several tens of drainage channels 19 are engraved on - 
the inner side of the outer wall. At the bottom, the channels 19 are centered and led to a 
drainage hole 12 which is connected to a drainage pipe having a valve or a cock at the end 
The number, width, depth, etc. of the drainage channels 19 are decided according to the size of 
the mold, the stock injection pressure, the amount of the stock injected, the mesh of the net 
through which water is squeezed, and the like. 

The joint between the two halves of the split mold and the joint between the mold part 
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and the lid part should be designed to be easily clamped to make the cavity airtight. 

The outer wall of the split mold is fixed by a clamping device 22 (Fig. 1) which 
withstands the pressure from the inside. 

The inner wall of the split mold corresponds to a net used in a general paper machine. 
As shown in Fig. 4, it is made of a double-layered metal net and shaped in conformity to the 
inner contour of the outer wall. It is split into halves similarly to the outer wall. An inner net 
20 of the double-layered metal net is a papermaking net, while the outer metal net 21, which is 
in contact with the outer wall, is a rigid and coarse net, serving to retain the shape of the 
papermaking net (inner net 20). 

While the material of the papermaking net is not limited to metal, it is considered that 
other materials having a special finish, filter cloth, etc. fail to satisfy the conditions required for 
practical use or for construction. The thickness of the wire and the mesh of the outer and inner 
nets are decided depending on the size, kind, wall thickness, etc. of a desired paper product 
Generally, an iron net of #16x24 and an iron or brass net of 60 to 80 are used as the outer and 
inner nets, respectively. 

The lid part is fixed, and the closed split mold part is vertically moved by means of a 
cam, etc. to be clamped with the lid part. A spring for easy adjustment in the upward or 
downward movement is provided, which also serves as a safety means in pressure application. 

The automatic metering feeder 3 is to control the thickness of the paper layer to be 
formed and to improve the efficiency in metering stock B. Further, when injection of stock B 
comes to an end, the metering feeder blows the stock (the time when compressed air is ejected 
from the drainage hole 12 can be an indication of the blowing) so that the stock is prevented 
from remaining in the bottom of the mold. 

Embodiment of the Invention: 

The mold part which is separated from the lid part is filled with previously prepared 
stock A, with the cock of the drainage hole being closed. On completion of the filling, the split 
mold is lifted by a cam or a jack and joined to the lid part. Then the air relief cock of the lid 
part and the stock B feed cock 16 (which is synchronized with the cock 17 for feeding 
compressed air to the metering feeder) of the lid part are opened, and the air in the buffer 
chamber is displaced with stock B, being discharged from the air outlet 14. This operation is 
the most important and needs particular care. Should the displacement be insufficient, the flow 
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pressure equalizing effect of the tray 15 and the effect of the buffer chamber 11 cannot be 
exerted to the full, resulting in a scraping or beating phenomenon by the liquid movement 
(friction), which leads to a failure to form a uniform paper layer. This being the case, the 
present invention cannot be carried out 

Immediately after the completion of the displacement (stock B begins to overflow from 
the air outlet 14), the air relief cock is closed, and at the same time the drainage cock below the 
drainage hole 12 is opened, whereupon a predetermined amount of stock B of the metering 
feeder is instantaneously fed from the buffer chamber 11 into the mold, and the water content of 
the stock passes through the inner net (papermaking net), flows down along the drainage 
channels of the outer wall and withdrawn from the drainage hole 12. Papermaking under 
pressure is thus carried out 

On completion of papermaking, the compressed air used for stock injection is ejected 
from the drainage hole. At this time point, the cock 17 for introducing compressed air is 
closed. At the same time, the stock B feed cock 16 is also closed. On closure of the cock 16, 
an auto-valve is opened to let another portion of stock B flows from the stock tank 2 into the 
metering feeder 3. This operation is repeated during operation. 

Meanwhile the fibers in the stock form a uniform paper layer on the inner side of the 
inner wall to make a hollow wet paper preform. 

The cock 10 (Fig. 1) of the pressure application and dewatering device is then opened to 
feed air (or liquid) into the diaphragm 9 in the cavity of the mold thereby to apply inner pressure 
of several atmospheres on the inner side of the paper layer. Thus, the paper layer is pressed, 
being sandwiched between the inflated diaphragm and the mold, to squeeze out water. This 
operation is another important feature of the present invention in addition to the above- 
described pressure papermaking. 

After dewatering, the three-way cock 10 is turned so as to release the inner pressure of 
the diaphragm, the mold part is put down, the outer wall is opened, and the inner wall having - 
the wet preform on the inner side thereof is taken out as such. In order to secure shape 
retention, the wet preform as being attached to the inner wall is transferred to a drier without 
opening the inner wall. Drying is preferably carried out in two stages - rough drying and 
perfect drying. In this case, as the hollow wet preform dries, it slightly shrinks and 
spontaneously separates from the inner net of the inner wall. As a result, the inner wall can 
easily be removed before the preform dries completely. Thereafter, the half-dried preform is 
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dried perfectly. In this manner, the drying effects are improved. 

The inner wall is returned to the step of pressure papermaking and repeatedly used. 

The paper containers and other fiber molded articles obtained by repeating the above- 
described series of operations may be subjected to a finishing or processing step according to 
the purpose into final products. 

The effects, characteristics, and advantages of the present invention are as follows. 

1. The state-of-the-art paper containers are generally fabricated articles called cartons 
whose shapes and uses are limited. Further, a great waste of paper that unavoidably 
accompanies the fabrication and repetition of steps involved are to be reflected on the product 
price. The process according to the present invention provides with ease narrow-mouthed 
hollow containers having a uniform wall thickness, which have not been obtained through a 
single step of molding but by using plastic materials such as glass and synthetic resins, and paper 
containers of arbitrary shape which have never been obtained by the conventional paper product 
production processes. 

It seems that production of such paper products by papermaking with a mold has been 
studied in the art for years. However, it has been infeasible and extremely difficult to 
materialize this idea, while seemingly appearing easy. 

The present invention has settled all the above problems and demands by a papermaking 
technique using a mold. In addition, considering the problem that our pulp resources are very 
limited, achievement of the object by reusing waste paper of low utility offers a meaningful 
solution to the problem. 

2. Unlike a general papermaking technique which is usually carried out under atmospheric 
pressure, the present invention adopts forced papermaking under pressure, which will make 
high-speed and large-volume production feasible. Having no joint seams, the paper products 
of the present invention have increased strength. 

When applied to a large-volume production system, the process of the invention doe's 
not require a huge plant. Molded articles of different shapes can be produced in the same plant 
simply by exchanging the split molds. 

3. By the process of the present invention, not only conventional paper containers 
commonly demanded but a variety of other paper products can be produced at low cost, 
including cushioning materials for special vacuum tubes, glass-made instruments, precise parts, 
etc.; packaging or wrapping materials for shape retention; toys, bottles and cups having various 
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shapes; and the like. 

As described above, the present invention remarkably broadens the application and use 
of paper products, which will make a great contribution to the related industries and the society. 

Claims: 

1. A split mold paper machine mainly comprising a split mold part comprising an outer 
wall 5 having prescribed drainage channels 19 on the inner side thereof and a split net 6 having a 
papermaking net 20, the split net being in contact with the inner side of the outer wall 5, a lid 
part having a buffer chamber 11 containing a buffer device 15, and a pressure application and 
dewatering device 8, 9 and 10 having a stretchable diaphragm 9. 

2. A process for producing paper products such as containers and other fibrous molded 
articles, which comprises injecting under pressure paper stock prepared by beating fibers such as 
pulp or waste paper into a mold 5 through a buffer device 15, and feeding under pressure a fluid 
into a diaphragm 9 of the pressure application and dewatering device 8, 9 and 10 to squeeze out 
water and to form a paper layer in conformity to the mold. 
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